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Description 



OPTIMIZED DRIVE TRAIN FOR A TURBINE 
DRIVEN ELECTRICAL MACHINE 

Background of Invention 

[0001] The present invention relates to electrical machines such 
as (but not limited to) electrical generators and, more par- 
ticularly, to a generator rotor having a rotor which cor- 
rects for stiffness dissymmetry. 

[0002] | n a conventional generator having a rotor and a stator, 

the rotor is typically provided with field windings that ex- 
cite the generator while receiving a current from a current 
source. The stator is provided with armature windings 
from which electrical power is output. Typical rotor con- 
struction requires that a field winding be assembled, bar 
by bar, in the radial cross-slots milled into the generator 
rotor. Containment of the rotor field windings within the 
slots milled in the rotor body is typically achieved using 
rotor wedges, rotor teeth and retaining rings. 

[0003] The slots milled in the generator rotor induce stepwise 



changes in stiffness along the length of the rotor body. 
These changes in stiffness can be a source of fretting of 
parts that span these slots. The behavior of the rotor in 
response to power system disturbances has typically been 
addressed by providing a damper circuit through the 
dovetails of the rotor wedges that prevent the rotor field 
windings from lifting out of the rotor slots under a cen- 
trifugal load. A circuit between adjacent rotor slots has 
been completed by providing a shorting strap that lies 
under the retaining rings at each end of the rotor body. 
[0004] The dynamic performance and system behavior of a tur- 
bine-driven generator drive train is very dependent upon 
the stiffness, mass and specific architecture of its con- 
stituent parts. It would therefore be desirable to tune 
properties and capabilities of the constituent parts to op- 
timize the performance of the generator drive train. For 
example, it would be desirable to be able to tune the 
properties and capabilities of the generator drive train by 
adjusting the stiffness of the rotor body to correct any 
dissymmetry in stiffness of the rotor body. It would also 
be desirable to provide air gap adjustment between the 
rotor and stator of the electrical generator. 
Summary of Invention 



[0005] | n one exemplary aspect of the present invention, a rotor 
in an electrical machine comprises a magnetic core having 
at least two poles, a plurality of winding assemblies, one 
for each pole, and a damper winding enclosing at least a 
portion of the magnetic core and the winding assemblies. 
The damper winding has (i) a plurality of electrically con- 
ductive rings concentric with a rotational axis of the mag- 
netic core and (ii) a plurality of bars extending parallel to 
the rotational axis of the magnetic core and connecting to 
each of the rings. A radially outward surface of each of the 
bars is connected to a respective radially inner surface of 
each of the rings. At least one of the bars may include a 
plurality of projection tabs extending radially beyond the 
inner surface of the rings into gaps formed between suc- 
cessive rings. The plurality of rings may comprise at least 
three rings. The magnetic core may also include a spindle 
having first and second flat surfaces extending perpen- 
dicular to a direct axis of the magnetic core. The magnetic 
core may include first and second parallel faces extending 
substantially perpendicular to the quadrature axis of the 
magnetic core, a first projection connected to the first 
parallel face and extending beyond the first parallel face 
in a direction along the quadrature axis, and a second 



projection connected to the second parallel face and ex- 
tending beyond the second parallel face in a direction 
along the quadrature axis but opposite to the direction in 
which the first projection extends. The first and second 
projections may be integrally connected to the first and 
second parallel faces, respectively. The first and second 
projections may each have a trapezoidal-shaped or semi- 
circular-shaped cross section. 

[0006] | n another exemplary aspect of the invention, a damper 

winding in a rotor having an magnetic core and a plurality 
of winding assemblies comprises: a plurality of electrically 
conductive rings arranged concentric with a rotational 
axis of the magnetic core and radially outward of the 
magnetic core and winding assemblies, and a plurality of 
bars extending parallel to the rotational axis of the mag- 
netic core and connecting to each of the rings. A radially 
outward surface of each of the bars is connected to a re- 
spective radially inner surface of each of the rings. At least 
one of the bars may include a plurality of projection tabs 
extending radially beyond the inner surface of the rings 
into gaps formed between successive rings. The plurality 
of rings comprise at least three rings. 

[0007] | n another exemplary aspect of the invention, a rotor 



comprises a plurality of winding assemblies and a mag- 
netic core having at least two poles each of which is cou- 
pled to a respective one of the winding assemblies. The 
magnetic core includes first and second parallel faces ex- 
tending substantially perpendicular to a quadrature axis 
of the magnetic core, a first projection connected to the 
first parallel face and extending beyond the first parallel 
face in a direction along the quadrature axis, and a sec- 
ond projection connected to the second parallel face and 
extending beyond the second parallel face in a direction 
along the quadrature axis but opposite to the direction in 
which the first projection extends. The first and second 
projections may be integrally connected to the first and 
second parallel faces, respectively. The first and second 
projections each has a trapezoidal-shaped or a semicircu- 
lar-shaped cross section. 
[0008] | n another exemplary aspect of the invention, a rotor in an 
electrical machine comprises a plurality of winding as- 
semblies and a magnetic core having at least two poles 
each of which is coupled to a respective one of the wind- 
ing assemblies, the magnetic core including a spindle 
having first and second flat surfaces extending perpen- 
dicular to a direct axis of the magnetic core. The magnetic 



core may further include first and second parallel faces 
extending substantially perpendicular to the quadrature 
axis of the magnetic core, a first projection connected to 
the first parallel face and extending beyond the first par- 
allel face in a direction along the quadrature axis, and a 
second projection connected to the second parallel face 
and extending beyond the second parallel face in a direc- 
tion along the quadrature axis but opposite to the direc- 
tion in which the first projection extends. The first and 
second projections may each have a trapezoidal-shaped 
cross section or a semicircular-shaped cross section. 
Brief Description of Drawings 

[0009] FIGURE 1 is a perspective view of an exemplary rotor body 
core in an electrical machine in accordance with an exem- 
plary embodiment of the present invention; 

[0010] FIGURE 2 is a cross-sectional view of the rotor body core 
illustrated in Fig. 1; 

[001 1] FIGURE 3 is a fragmentary perspective view of the rotor 
having a multi-pole magnetic core and a plurality of 
winding assemblies; 

[0012] FIGURE 4 is another embodiment of a rotor body core of 
an electrical machine having semicircular-shaped projec- 
tions extending from opposing parallel faces of a rotor 



body; 

[0013] FIGURE 5 is a side view of a damper winding of a rotor 
having a plurality of electrically conductive rings and a 
plurality of axial bars in accordance with an exemplary 
embodiment of the present invention; 

[0014] FIGURE 6 is an end view of the damper winding illustrated 
in Fig. 5; and 

[0015] FIGURE 7 is a cross-sectional view of an electrical machine 
such as a generator including a stator and a rotor in ac- 
cordance with an exemplary embodiment of the present 
invention. 
Detailed Description 

[0016] Figs. 1-3 illustrate an electrical machine such as, but not 
limited to, an electrical generator. The electrical machine, 
hereinafter referred to as a generator for ease of descrip- 
tion but in no way limiting the invention, includes an elec- 
trical generator rotor 10 having a multi-pole magnetic 
core 11 (two-pole core shown) and a plurality of winding 
assemblies 21, 22, one for each pole. Rotor core 11 in- 
cludes a rotational axis 12 extending longitudinally along 
the rotor core 11. Rotational axis 12 is positioned at the 
intersection between the direct axis ("d-axis") and the 
quadrature axis ("q-axis") of rotor core 11. As illustrated 



in Fig. 2, the q-axis is perpendicular to both the d-axis 
and the rotational axis 12 of rotor core 11. The reluctance 
of a magnetic circuit in an electric power generator is 
most sensitive to the size in the gap between the genera- 
tor rotor and stator along the d-axis where most of the 
flux transfer takes place and is least sensitive along the q- 
axis. Centrifugal loading, on the other hand, is primarily 
distributed along the q-axis. 

[0017] c ore ii includes a spindle 18 having opposing flat sur- 
faces 18a and 18b. Flat surfaces 18a and 18b extend par- 
allel to the q-axis and thus perpendicular to the d-axis. 
Flat surfaces 18a and 18b enable stiffness dissymmetry in 
core 11 to be corrected. 

[0018] core 11 also includes two substantially flat face surfaces 
14 and 16 extending parallel to the d-axis and thus ex- 
tending perpendicular to the q-axis. Projections 15 and 
17 extend outside of parallel flat face surfaces 14 and 16, 
respectively, in opposing directions along the q-axis. Pro- 
jection 15 is integrally connected to surface 14 and ex- 
tends beyond surface 14 in a direction along the q-axis. 
Projection 17 is integrally connected to surface 16 and 
extends beyond surface 16 along the q-axis in a direction 
opposite to that of projection 15. As illustrated in Fig. 2, 



each of projections 15 and 17 have a trapezoidal cross- 
sectional area. Alternatively, the projections may have a 
semicircular cross-sectional area as illustrated by projec- 
tions 115 and 117 of Fig. 4. Projections 15 and 17 (or 
projections 115 and 117) are capable of providing addi- 
tional corrections to stiffness dissymmetry of rotor core 
11. Accordingly, the dynamic performance of a drive train 
of the rotor (e.g., a gas turbine-driven rotor drive train) 
can be improved by adjusting the stiffness of the rotor 
spindle 18 through the shape of flat surfaces 18a and 18b 
and building out projections 15 and 17 from the body of 
rotor core 11 beyond surfaces 14 and 16. Performance of 
the rotor drive train can thus be optimized by adjusting 
the stiffness, mass and architecture of core 11. 
[0019] pigs. 5-7 illustrate a damper winding 30 including a series 
of electrically conductive rings 33 and a first set of axial 
bars 31 (five axial bars 31 shown in the exemplary em- 
bodiment illustrated in Figs. 5-7) and a second set of ax- 
ial bars 32 (again, five axial bars shown). Each of conduc- 
tive rings 33 are concentric with the axis of rotation 12 
and are arranged radially outward of and along the axial 
length of core 11 and rotor winding assemblies 21 and 
22. Axially extending bars 31 and 32 connect rings 33 to- 



gether to form a damper winding composed of an electri- 
cally conductive cylindrical grid. In particular, the radially 
outward surfaces of bars 31 and 32 are connected to the 
radially inward surfaces of rings 33. 

[0020] Each of axial bars 31 include a plurality of integral projec- 
tion tabs 31a extending in a radially outward direction 
(see Figs. 5 and 6). Similarly, each of bars 32 include a 
plurality of projection tabs 32a extending in a radially 
outward direction. Projection tabs 31a define a radially 
outward surface of each of bars 31 and projection tabs 
32a define a radially outward surface of bars 32. Each of 
the projection tabs 31a and 32a project beyond the radi- 
ally inward surface of rings 33 and into gaps formed be- 
tween successive rings 33. Projection tabs 31a and 32a 
allow the position of rings 33 to be appropriately located 
in the axial direction. Manufacture of the damper winding 
can thus be optimized. 

[0021] As illustrated in Fig. 7, damper winding 30 is arranged to 
enclose other parts of the rotor including rotor body 11 
and winding assemblies 21 and 22. By arranging damper 
winding 30 around body 11 and winding assemblies 21 
and 22, winding assemblies 21 and 22 can be resisted 
from being lifted out of core 11 under centrifugal loading 



and winding assemblies 21 and 22 can be shielded from 
high harmonic currents induced from a stator 40. Damper 
winding 30 also reduces forces resulting from rotation of 
an unbalanced (e.g., nonsymmetrical) force load and re- 
duces rotor harmonics. 

[0022] As illustrated in Fig. 7, stator 40 encloses rotor 10 includ- 
ing core 11, winding assemblies 21, 22 and damper wind- 
ing 30. An air gap 42 is established between rotor 10 and 
stator 40. Rotor 10 is rotated about its rotational axis 12 
to generate electric power. In one specific application to a 
rotor with composite enclosure, the stiffness of the mag- 
netic coupling between the rotor and stator can be im- 
proved by enlarging the air gap. This may be accom- 
plished as a result of the greater current carrying capabil- 
ity of a rotor architecture with a composite enclosure. 

[0023] while the invention has been described in connection with 
what is presently considered to be the most practical and 
preferred embodiment, it is to be understood that the in- 
vention is not to be limited to the disclosed embodiment, 
but on the contrary, is intended to cover various modifica- 
tions and equivalent arrangements included within the 
spirit and scope of the appended claims. 



